Introduction {#Sec1}
============

Since December 2019, the world has been facing the life-threatening disease, named Coronavirus disease-19 (Covid-19), caused by the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2). At first, this epidemic has been recognized in Wuhan, China, to subsequently expand and spread throughout the world as a pandemic disease \[[@CR1]\]. As of February 29 2020, nearly 80,000 confirmed cases were reported from China \[[@CR2]\] and the number of cases in other countries outside China is rapidly increasing, starting from Europe \[[@CR3]\] and then spreading almost anywhere in the world. The first indigenous case of COVID 19 in Italy was confirmed on February 21, 2020 in Pavia, arriving from the Codogno Hospital in the Lodi province, i.e. at a 46 km distance.

According to the April 14, 2020 update on Covid-19 Global Cases by John Hopkins CSSE \[[@CR4]\], Italy is only preceded by US and Spain in the number of infected patients, with 159,516 confirmed cases and 20,465 deaths. San Matteo Hospital in Pavia is one to the major referral centres in the epicentre of the Italian epidemic. Up to April 8, out of 1730 patients admitted in the Emergency Department (ED) for suspected Covid-19 infection, 833 were hospitalized. Global hospital mortality accounted for a total of 203 deaths (24.4%) with a median survival of 4.5 days (IQR 2--9 days). The response of the Emergency Medicine network, integrating "out-of-hospital" and "hospital" activation, is crucial whenever the health system has to face a medical emergency. This does not only apply to natural or human-derived disasters (such as earthquake, tsunami, explosions, train disasters, airplane crash, terrorist attacks, ...) but also to a rapidly spreading epidemic outbreak, such as the present one. In general, a pandemic may be considered a disaster, which is defined as a serious disruption occurring over a short or long period of time that causes widespread human, material, economic or environmental loss that exceeds the ability of the affected community or society to cope using its own resources \[[@CR5], [@CR6]\]. A close interaction between the internal and external triage strategies and between the related human and structural resources is a key factor in shaping and morphing the health system preparedness to such events. The present paper reports the Pavia Emergency Medicine network response, showing the main results in the first 5 weeks of the Covid-19 outbreak (February 21--March 26, 2020).

Methods {#Sec2}
=======

The response of the Pavia Emergency Medicine Network to the outbreak {#Sec3}
--------------------------------------------------------------------

In our region, the "out-of-hospital" response to any medical emergency is coordinated by the AREU-112 system (Regional Agency of Emergency and Urgency), through the Regional Emergency Urgency Dispatch Centres (SOREU). In detail, the SOREU of the Pianura, in its headquarters in Pavia, handled the first Italian COVID emergency as it manages the territory of the provinces of Pavia, Lodi, Cremona and Mantova. The Dispatch Centre of the Pianura is continuously interfaced with all the hospitals of its territorial reference and in close contact with the Emergency Department of the San Matteo Hospital. In the present situation, characterized by a sudden a sustained emergency due to the Covid-19 outbreak, such an integration is even more important than in usual circumstances. Indeed, the integration between the triage algorithms of the "out-of-hospital" and "hospital" system components has been taking place since February 22, 2020, when the Crisis Unit started a close day-by-day interaction to guide the necessary hospital reshaping. The telephone response and the dispatch triage have been continuously modulated on the type of requests of the population and on hospital and local health protection agency resources that changed in a rapid and difficult to predict manner. This led to a total of 22 revisions of the triage algorithm in only 5 weeks. The four major changes of these revisions are schematically reported in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Schematic representation of the four major changes in the EMS the triage algorithm, taking place during the first 5 weeks of Covid-19 outbreak

On February 23, we separated the access to the ED by diverting the suspected patients to the Infective Disease Outpatient Clinic, which subsequently became the "Emergency Department---Infective Disease". Moreover, in close connection with the structural modifications taking place in the whole hospital \[[@CR7]\], we adapted the hospital triage and diagnostic protocols that were shared between the ED and the Infective Disease and Intensive Care Units to optimize patients' care. In the same line, the indications for the diagnostic nasopharyngeal swab and for the immune response assessment were shared with the Virology Unit. The outbreak caused a rapid and sustained increase in the emergency requests from the "out-of-hospital system", associated with an overflow from the neighbouring hospitals (i.e. Lodi, Codogno and Cremona) which rapidly became overwhelmed. Indeed, these hospitals in several occasions asked for a temporary limitation of access (or even a complete closure) due to the overwhelming patients' flow which often exceeded the hospital resources. This caused a sudden increase in calls, ambulance transportations and access to the Pavia ED. Moreover, an increased number of self-presentations posed an additional burden to the healthcare system.

Here we report the Pavia Emergency Department and Out-of-Hospital Emergency System (112---AREU 118) integrated response during the first 5 weeks of the Covid-19 outbreak, as compared to a reference time window referring to the previous 5 weeks, in terms of the different challenges faced by the health system. A further comparison was made by reporting historical data from the same 5 weeks of the previous 5 years.

EMS and ED data {#Sec4}
---------------

The data on phone calls, EMS missions, ED admissions with either ambulance transportation or patient self-presentation were stratified per residence area, to assess the local internal (i.e. from the Pavia reference area) as opposed to the external patient burden. As to the hospital response, the number of ED admissions was sub-divided between those related or unrelated to Covid-19 suspicion and the further ED decisions were reported in terms of ED discharge or hospital admissions to general wards and intensive care units. Hospital mortality was also recorded. The data collected during the first 5 weeks of the Covid-19 outbreak (February 21--March 26, 2020) were compared with the pre-Covid-19 5-week reference period (January 17--February 20, 2020) and with the corresponding historical average data from the previous 5 years (February 21--March 26).

Results {#Sec5}
=======

Since February 21, 2020, a sudden and sustained increase in the calls to the AREU 112 system was noted (reaching up to + 440%). A threefold increase in the number of calls was observed in the first week (10904), that in the following 4 weeks set around a mean value of 7794 calls for week. In the 5th week, the number of calls and missions was still higher as compared to both the reference pre-Covid-19 period (January 17--February 20, 2020: + 48% and + 10%, respectively) and the historical control (February 20--March 26 of the previous 5 years: + 53% and + 22%, respectively) (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Calls, rescues and missions according to the AREU 112 records, comparing the different time frames as reported in the "Methods"

Up to March 26, the "Emergency Department -- Infective Disease" evaluated 1241 patients with suspected SARS-CoV-2 infection (38% of total ED admissions), either from the AREU-112 system (*n* = 894, 72.0%) or self-presenting, i.e. patients spontaneously walking in (*n* = 347, 28.0%). Based on the above-described triage procedures and to the duplication of the Emergency Departments, these patients were separated from patients without the suspicion of SARS-CoV-2 infection directly from the territory (via the "out-of-hospital" triage pathway), to minimize the possibility of intra-hospital spreading of the infection (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Number of patients evaluated by the "Emergency Department---Infective Disease" between February 20 and March 26, 2020 by week and cumulative (i.e. during the first 5 weeks of Covid-19 outbreak)

As evident in Fig. [4](#Fig4){ref-type="fig"}, an evident shift between Lodi, Codogno and Cremona outbreak areas towards the Pavia system was noted. Indeed, the admission rate from Lodi, Codogno and Cremona areas that was irrelevant in the past (1%), accounted for 27% of total admissions in 5 weeks from February 21 (*n* = 337/1241), peaking at 39% during the second week (*n* = 112/286).Fig. 4Timeline evolution of the admissions rate from the outbreak areas

These data underscore the enlargement of the reference area of the Pavia health system from the "usual" areas, mainly confined in the Pavia area, due to the overload of the Lodi, Codogno and Cremona hospitals, which were overwhelmed by the epidemic. To put these data into the perspective of the local population, Pavia area accounts for 547251 inhabitants, whereas Lodi area (including Codogno) and Cremona area account for 229338 and 359388 inhabitants, respectively ([www.comuni-italiani.it/provincep.html](http://www.comuni-italiani.it/provincep.html)) (Fig. [5](#Fig5){ref-type="fig"}).Fig. 5Left panel: Pavia area = 547251 inhabitants. Right panel: Pavia + Lodi + Cremona areas = 547251 + 229338 + 359388 inhabitants (total = 1135977, i.e.  + 108%)

Out of the 1241 patients evaluated in the "Emergency Department---Infective Disease", 58.0% (*n* = 720) were admitted in general wards (*n* = 629) or intensive care unit (*n* = 91), according to the clinical needs and the severity of respiratory insufficiency. To allow this massive number of admissions, the hospital reshaped many general ward units, which became Covid-19 Units (up to 270 beds) \[[@CR8]\]. In concomitance, intensive care unit beds were almost doubled (from 32 to 60) \[[@CR9]\]. Non-invasive ventilation (and C-PAP) was managed both in the Emergency Department and in the Internal Medicine wards, quickly becoming sub-intensive treatment areas, whereas orotracheal intubation was restricted to the intensive care units. The percentage of patients managed with helmet in general wards rose up to 20% (*n* = 126/629). Median population age (IQR) was 66 years (54--74) in patients admitted in the Internal Medicine wards and 59 years (50--67) in those needing admission to the ICU.

The vast majority of the hospitalized patients (82.1%) did enter the ED through the AREU-112 system (+ 20% when compared with the previous 5 weeks). Also, the rate of hospitalization for the self-presenting patients (129/347) was higher than in the previous 5 weeks (37.2% vs. 12.7%). A concomitant decrease in "non-COVID" admissions was observed, from 4403 in the 5 weeks before February 21 to 2024 in the reference first 5 weeks of Covid-19 outbreak (i.e. a 54% decrease). For reference, in the time frame period "February 21--March 26" of the previous 5 years, 4492 admissions were reported.

Discussion {#Sec6}
==========

The study describes the response of the integrated AREU-112---San Matteo Emergency Department system to the Covid-19 outbreak. To face this long-lasting "emergency" situation, re-enforcement and further tightening of the usual collaboration with the AREU-112 have been fundamental. In general, to limit early exposure to the outbreak, triage should aim at identifying and cohorting symptomatic patients \[[@CR10]\]. To improve the capability of achieving this goal, a dedicated triage protocol was shared and finely tuned on a day-to-day basis according to the epidemiology of the infection, the request from the territory and the hospital receptivity. Meanwhile, the Emergency Department patient admission pathway was divided in a "clean" and a "dirty" area, by creating an "Emergency Department---Infective Disease" in the Infective Disease building; that is, physically separated from the General Emergency Department \[[@CR8]\]. In-hospital triage and diagnostic evaluation protocols were shared between the Emergency Department, the Infective Disease and Intensive Care Units and the Virology Unit, to optimize patients' care. In the "Emergency Department---Infective Disease" triage and diagnostic work-up included: clinical evaluation, Covid-19 blood test panel, hemogasanalysis, chest X-ray, lung ultrasound and electrocardiogram. These data, particularly lung ultrasound, allowed to define a pneumonia pattern and to start treatment as soon as positivity of the swab did confirm the diagnosis \[[@CR11]\].

Moreover, the patient was not moved from the "Emergency Department---Infective Disease" until the decision discharge/admission was taken, to minimize the risk of infection spreading within the hospital. Sub-intensive treatment areas have been developed to allow non-invasive ventilation both in the Emergency Department and in the General Wards. It has to be noted that during the epidemic, Internal Medicine wards raised considerably the intensity care level. As to the general hospital organization, human and technical resources were activated and strengthened, to enlarge the access routes and the clinical assessment of the patient area in the ED. This allowed to manage a steady improvement in the healthcare staff turnover and a higher quality of care. In the meanwhile, all healthcare providers were given the appropriate personal protection devices \[[@CR12]\]. As a further result of this approach, after 5 weeks, we had a prevalence of infected healthcare personnel \< 5%. As stated in a recent position paper by the European Society of Emergency Medicine \[[@CR13]\], Emergency medical systems, i.e. the front line of the health systems towards the territory, are clearly suffering from overload and severe working conditions, with the additional burden of high risk of contagion and transmission of the health professionals.

Clinical care of patients with suspected Covid-19 infection should focus on early recognition and immediate isolation \[[@CR10]\]. Since EDs are concomitantly crowded with patients seeking care for other illnesses \[[@CR13]\], the first effort in facing a pandemics like the present one should be in the direction of a clear separation of patient pathways, in order to prevent a further spread of the infection \[[@CR14]\]. Indeed, beyond the clinical responsibility of early triage and management of patients with suspected or confirmed infection, Emergency workers have a crucial role in preventing infection spreading. One example reported that during the MERS-CoV outbreak in an Emergency Department in Singapore 82 individuals (including healthcare workers) were infected by a single case \[[@CR15]\]. This is the main reason guiding the need of a clear separation between patients' track starting from the "out-of-hospital" Emergency System. Since the first positive cases for SARS-CoV-2 infection in the Lodi area on February 21, Pavia health system has started a process of rapid and continuous adaptation and morphing to face this new emergency, both in the "out-of-hospital" emergency system and in the "in-hospital" management. The "out-of-hospital" emergency system, headed by AREU-112 has adapted the response model to the impressive number of requests for help and information regarding the new infection. Since the beginning of the Covid-19 outbreak, AREU-112 increased and strengthened the Unique Response Centres and activated new dedicated Public Safety Answering Points, both at the regional and at the local level. In particular, the Regional Emergency Urgency Dispatch Centre (SOREU) of the Pianura, which responds to requests for medical assistance for the provinces of Pavia, Lodi, Cremona and Mantova, was immediately reorganized by activating an additional response console and a dedicated telephone triage path for patients potentially affected by Covid-19, in order to allocate them to the most suitable hospitals and to evaluate the possibility of home management. In a first phase of the disaster, the SOREU of the Pianura took advantage of the support of two resident figures. An Infectious Disease Resident supported the health dispatch section of the SOREU in selected cases and an Emergency Medicine Resident was a further and continuous connection with the Emergency Room---Infective Disease of San Matteo Hospital, with the aim of optimizing patient flow to the different hospital structures. Impressive have been the numbers: since the beginning of the emergency, SOREU of the Pianura has managed more than 1700 patients with symptoms compatible with the new SARS-CoV-2 infection, has processed up to 2300 calls/day as compared to the ordinary 500 and has increased the ambulances in the area of several dozens, as well as having fielded numerous special ambulances for the exclusive transport of COVID patients, some of them with qualified nurses for the emergency, in addition to rapid response medical team in equivalent numbers in the ordinary situation.

Another important point was the decrease in non-Covid-19 ED admissions when compared with the previous 5 weeks as well as with the previous 5 years (2204 vs. 4403 and 4492 admissions, respectively). Such an important decrease in non-Covid-19 admissions during the outbreak was caused by several reasons, among which the patient's fear to enter the hospital risking a possible contact with infected patients took a relevant role. The likely consequences in terms of missed/delayed diagnoses are beyond the scope of the present study, but are indeed one of the major clinical consequences of Covid-19 pandemics, adding on the devastating effects on infected patients. This point has been underscored by several reports, one example being represented by the reduced admission rate for acute coronary syndrome \[[@CR16]\] with the concomitant increase in out-of-hospital cardiac arrest \[[@CR17]\].

Healthcare organization in the emergency and critical care setting is crucially dependent on the close interaction and team work of the "out-of-hospital" and "in-hospital" systems and the present study reports how the rapid and coordinated reorganization of both is fundamental. The fine tuning of the "out-of-hospital" and "in-hospital" triage protocols has to be rearranged on a day-to-day basis according to the epidemiology of the infection, the request from the territory and the hospital receptivity. Indeed, the preparedness of the Emergency Departments for responding to any emergency or disaster is crucial and the close link between the hospital Emergency Department and the "out-of-hospital" system is confirmed as one of the key factors in the response to any disaster. The disaster scenario is characterized by a sudden and overwhelming overload of the health system caused by natural or human-derived disasters, which is dramatic yet limited in a relatively short-lasting time window (hours, days). In contrast, a rapidly spreading epidemic outbreak, such as the present one is characterized by a sudden, yet long-lasting disaster (weeks, months). A consequence of such a time frame is the need of a continuous modulation of the response of the Emergency System, with a close interaction between the AREU-112 system and the ED.

Conclusions {#Sec7}
===========

In the setting of a long standing and ongoing disaster like the present Covid-19 outbreak, the integration, interaction and team work of the "out-of-hospital" and "in-hospital" systems have a pivotal role. The present study reports how the rapid and coordinated reorganization of both might help in facing such a disaster. AREU-112 and the Emergency Department should be ready to finely tune their usual cooperation in order to respond to a sudden and overwhelming increase in the healthcare needs brought about by a pandemia like the current one. This lesson should shape and reinforce the future.
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